Wnt-1 inducible signaling pathway-1 (WISP-1), also known as CCN-4, belongs to the connective tissue growth factor (CTGF) family. WISP-1 is primarily expressed in embryonic stem cells and is involved in adult organ development. WISP-1 participates in many cellular processes, including proliferation, differentiation, apoptosis and adhesion. In addition, WISP-1 plays an important role in diverse pathophysiological processes, such as embryonic development, inflammation, injury repairs and cancers. Recent studies showed that WISP-1 was highly correlated with tumor progression and malignant transformation, whereas it played an oncogenic role in colorectal cancer, cholangiocarcinoma, hepatocellular carcinoma and breast cancer. However, interestingly, WISP-1 exerts a tumorsuppressing role in lung and prostate cancers. WISP-1 promotes cell proliferation, adhesion, motility, invasion, metastasis and epithelial-to-mesenchymal transition via particular signaling pathways. In this review, we discussed the structure, expression profile, functions, clinical significance and potential mechanisms of WISP-1 in cancer and non-neoplastic diseases.
Introduction
Wingless-type MMTV integration site family member 1 (Wnt-1)-inducible signaling pathway (WISP) proteins are a subfamily of the cysteine-rich protein 61 (Cyr61)/ connective tissue growth factor (CTGF)/nephroblastoma overexpressed (NOV) (CCN) family. Proteins from the CCN family share functional but not sequential similarity to Wnt-1 (1), which belongs to an expanded family of cysteine-rich, glycosylated signaling proteins that mediate diverse developmental processes (2). Members of the CCN family were first identified as secreted proteins whose synthesis were induced by mitogenic growth factors or oncogenes, and were deregulated in transformed cells. The first three members, Cyr61, CTGF and NOV, which are also known as CCN-1, CCN-2 and CCN-3, respectively, contribute to the acronym for the CCN family (3-5). Thereafter three other family members WISP-1, WISP-2 and WISP-3 were designated as CCN-4, CCN-5 and CCN-6, respectively (6). WISP-1 was identified as an indirect response to Wnt-1 stimulation in C57MG mouse mammary epithelial cells (7) , whereas WISP-2 was found down-regulated following transformation of rat embryo fibroblasts by the inactivation of p53 and concomitant activation of H-ras (8) .
Previous study has reviewed the expression profiles and Review Article the WISP-2 related signaling pathways in cancers (9) . There are more than 200 publications related to WISP-1, WISP-2, WISP-3 and their roles in cell signaling, proliferation, adhesion, invasion, wound healing, fibrosis, skeletal development, implantation, epithelialmesenchymal-transition and angiogenesis, as well as in cancers. Here in this review, we provided with a brief introduction on the expression profiles, clinical significance, functions and potential mechanisms of WISP-1 in cancer and non-neoplastic diseases.
Chromosome location, structure and variants of WISP-1 WISP-1 gene is located on chromosome 15 in murine, but on 8q24.1-q24.3 in human. Both of them are composed of five exons and four introns, and the cDNA length is 1,766 bp and 2,830 bp, respectively. The human WISP-1 encodes 367 amino acids (84% identical to the murine one), including 38 conserved cysteine residues and four potential N-linked glycosylation sites. In addition, the WISP-1 gene encoded protein has a predicted relative molecular mass of 40 kD (1,10). An alignment of the three human WISP proteins showed that WISP-1 and WISP-3 are most similar (42% identity), whereas WISP-2 is 37% identical to WISP-1. WISP proteins exhibit the modular architecture of CCN family members that are characterized as four conserved and discrete cysteine-rich domains. These domains act both independently and in concert. The N-terminal domain, including the first twelve cysteine residues, contains a consensus sequence of GCGCCXXC which is conserved in most insulin-like growth factor-binding proteins (IGFBPs). The von Willebrand factor type C (VWC) module covers the next ten cysteine residues, and is thought to participate in protein complex formation and oligomerization (11) . A short variable region following closely to the VWC domain is highly susceptible to proteolytic degradation by matrix metalloproteinases (MMPs) (12) . It has been shown that a wide variety of MMPs (MMP1, 2, 3, 7, 9, 13) target this central linker region and additional proteases, such as elastase, additionally, plasmin could also attack linkers that connect domains 1 and 2 or domains 3 and 4 (13) . The third domain, thrombospondin (TSP) domain is implicated in binding with sulfatedglyco conjugates and contains six cysteine residues and a conserved WSxCSxxCG motif, which was first identified in TSP (14) and necessary for the regulation of endothelial cell proliferation and the promotion of cell attachment (15, 16) . The C-terminal cysteine knot-like (CT) domain which has been indicated in all CCN family members except for WISP-2 was implicated in receptor binding and dimerization (17).
CCN family members have a topical structure that is consist of four conserved cysteine-rich modular domains, and it is indicated that lack of one or more modules would result in variants splicing or gene mutation. Three variants have been discovered in addition to the expected full transcript length of WISP-1/CCN4 (1,204 bp). One of the variants, WISP-1v that is short of the VWC module II, was detected in scirrhous gastric carcinoma cells. This variant is encoded by alternatively spliced 840 nucleotides mRNA species, missing the 260 nucleotides exon3 that encodes VWC module (18) . The second variant, WISP-1vx, lacks VWC, TSP and partial IGFBP domains, and the IGFBP domain is shorter than its full length, which was caused by a frame shift leading to IGFBP/CT fusion. The protein contains a single IGFBP module, in which eight Cterminal amino acid residues are replaced by another fourteen residues, and such variant was detected in two hepatocellular carcinoma cell lines (19) . The third variant, WISP-1 Eex3-4, contains a splice variation, leading to a shorter transcript length of 750 nucleotides, and has the frame shift of exons 2 and 5 that results in a premature stop. The predicted protein of this variant has only the first module, and this variant was detected in a human chondrosarcoma-derived chondrocytic cell line (20) .
WISP-1 expression and clinical significance in human cancers
Differential expression and prognostic implications of WISP-1, WISP-2 and WISP-3 were detected in human colorectal (21) and breast (22) cancers. Davies et al. found that WISPs may play important but contrasting roles. In colorectal cancer, WISP-1 appeared to act as a factor stimulating aggressiveness, however, WISP-1 seemed to act as a tumor suppressor in breast cancer. Notably, the expression profile of WISP-2 in colorectal cancer and breast cancer tissues demonstrated contrasting results to that of WISP-1, indicating the distinct role of WISP-1 and WISP-2 in caner progression and metastasis. Interestingly, it seems that WISP-3 has no definable beneficial or detrimental role in accordance with the expression profile in colorectal and breast cancer tissues. The contrasting roles of WISP-1 in colorectal and breast cancer hinted us that their roles may be tissue specific. The members of CCN family, Cyr61 and CTGF, were down-regulated, but WISP-1 was overexpressed in lung cancer. Moreover, tumor type, age and family history were suggested to be significant predictors for WISP-1 expression, and Cyr61 and CTGF were correlated with survival of lung cancer patients. The Cyr61, CTGF and WISP-1 could play important roles in the development of lung cancer (23, 24) . WISP-1 which was up-regulated in esophageal squamous cell carcinoma (ESCC) was found to mediate radioresistance through inhibiting irradiation-induced DNA damage, and acted as a prognosis factor in ESCC (25) . The expression of WISP-1 was higher in hepatocellular carcinoma (HCC) than in matched normal tissues, and hepatitis B virus (HBV) X protein (HBX) could increase the expression level of WISP-1. Taken together, HBX may play roles in the expression of WISP-1 and the development of HCC (26) . As a variant of WISP-1, WISP1v was overexpressed in cholangiocarcinoma, and had strong correlation with lymphatic and perineural invasion of tumor cells. WISP-1v was involved in the development of cholangiocarcinoma and the generation of invasive cellular properties of tumor cells (27) . WISP-1v was also reported to be overexpressed in scirrhous gastric carcinoma, whereas it promoted significant cellular transformation and rapid growth, and enhanced the invasive phenotype of co-cultured gastric carcinoma cells (18) . Moreover, in human glioma, cells with high expression of WISP-1 had low radiosensitive but high migration activity in an in vitro study (28). Another in vitro study on colon cancer cell line demonstrated that both transcript and protein expression levels of WISP-1 were down-regulated following the treatment of indomethacin, an anti-inflammatory drug that inhibited tumor growth, through a cyclooxgenase-2 (COX-2)-independent manner, emphasizing the potential regulatory role of WIPS-1 in cancer cell proliferation (29) .
Signaling regulation of WISP-1 in cancers
Although WISP-1 itself is a downstream target gene of Wnt/β-catenin signaling pathway, it also plays an essential role in regulating the complicated network which is composed of various signaling transduction pathways and associated with the progression of different biological process in diverse tumor types. Recent research revealed that WISP-1 functioned as a novel angiogenic regulator which stimulated growth through the induction of vascular endothelial growth factor A (VEGF-A), which was identified as an important angiogenic factor involved in tumor development in oral squamous cell carcinoma (OSCC). The special molecular mechanism mediated by WISP-1 in this biological process was via triggering integrin αvβ3/FAK/c-Src pathway, which further transactivated the epidermal growth factor receptor (EGFR)/signal-regulated kinase (ERK)/hypoxia-inducible factor 1-alpha (HIF1-α) signal pathway in OSCC (30) . Besides, WISP-1 was also demonstrated to be involved in promoting OSCC cell migration through the activation of αvβ3 integrin receptor and the signaling transduction pathways of apoptosis signal regulating kinase-1 (ASK-1), JNK/p38, and activator protein-1 (AP-1), which then upregulated the expression of intercellular adhesion molecule 1 (ICAM1) (31) . Similar biological phenomenon was found in human osteosarcoma, whereas the migration process mediated by WISP-1 was mainly through the activation of MMP2 and MMP9 via αvβ3 integrin receptor and the signaling pathways of Ras/Raf-1/MEK/ERK and NF-κB, which differed from the molecular mechanism in OSCC to a certain degree (32) . In addition, WISP-1 promoted the motility and metastasis through the activation of Ras pathway and the enhancement of MMP2 (33) . However, other studies demonstrated that WISP-1 potentially inhibited cancer metastasis in lung cancer and prostate cancer (34, 35) . As a variant of WISP-1, WISP-1v was overexpressed in cholangiocarcinoma and was highly correlated with lymphatic and perineural invasion of tumor cells through the mitogen-activated protein kinases (MAPKs) p38 and p42/p44 (27) . Moreover, another way to accelerate cell growth mediated by WISP-1 was via "antiapoptosis". WISP-1 was confirmed to not only activate the antiapoptotic protein kinase B (PKB)/Akt signaling pathway, but also prevent p53-dependent cell death in lung carcinoma cells and breast cancer cells (36) . Despite of the oncogenic role in diverse tumor types, WISP-1 was also found to act as a tumor suppressor via distinct mechanisms in several tumor types in recent studies. Notch1 was one of the main upstream molecular signaling pathways that involved in this process, which could further magnify the biological progression such as cell proliferation, migration and metastasis (37, 38) . The signaling pathways that WISP-1 participated in are summarized in Figure 1 .
WISP-1 proteins in other pathologic processes
Apart from the effects of WISP-1 on cancer formation and progression, WISP-1 was also found to participate in a variety of other pathological processes. A study showed that WISP-1 could potentially be involved in the regulation of adipogenesis and low-grade inflammation in obesity due to the fact that the expression of WISP-1 was found associated with the differentiation of adipocyte and that pro-inflammatory response was found in the WISP-1 stimulated human macrophages (39) . WISP-1 was highly expressed in many fibrosis diseases, such as liver fibrosis and idiopathic pulmonary fibrosis (IPF). In liver fibrosis, WISP-1 promoted the proliferation of hepatic stellate cells (HSCs) (40) , whereas the expression of WISP-1 was regulated by miR92a at regions of human WISP-1 3'-untranslated region (3'UTR) in IPF (41) . WISP-1 was also involved in the regulation of osteogenesis through the association with integrin, which could mediate osteogenesis effects of bone morphogenetic protein-2 (BMP-2) (42) . Another study demonstrated that myocardial hypertrophy was induced by Angiotensin-II (Ang-II) in a WISP-1-dependent manner, suggesting the important role of WISP-1 in myocardial hypertrophy (43) . In addition, the polymorphisms of WISP-1 were significantly correlated with hypertension of Japanese male (44) . WISP-1 can enhance the neuronal cells survival through the suppression of Bim/Bax complex and the promotion of Bclx(L)/Bax complex, respectively, preventing mitochondrial membrane permeability, cytochrome c release, and caspase 3 activation in the presence of oxidant stress through phosphoinositide 3-kinase (PI3K) and Akt pathways (45) .
Mechanisms of WISP-1 in other pathologic processes
Proliferation WISP-1 belongs to the members of CCN family of growth factors and plays important roles in cell proliferation. In post-infarct heart, pro-inflammatory cytokine tumor necrosis factor-alpha (TNF-α) activated cAMP response element-binding protein (CREB) through ERK1/2 to increase the expression of WISP-1, which in turn promoted myocardial cell proliferation and remodeling (46) . A study on human bone marrow stroma cells (hBMSCs) suggested that WISP-1 modulated the proliferation and differentiation of osteoblast-like cell potentially via the reduction of the phosphorylation of TGF-1 induced Smad-2 (47).
Anti-apoptosis
WISP-1 was also found involved in anti-apoptosis of neuronal cell through PI3K, Akt, β-catenin and mammalian target of rapamycin (mTOR). In accompany with PI3K and Akt, WISP-1 improved post-translation phosphorylation of forkhead transcription factor 3a (FoxO3a) and sequestered FoxO3a to prevent caspase-3 mediated apoptotic cell death in primary neurons under oxidative stress (48) .
Adhesion and migration
WISP-1 is a matricellular protein of CCN family. In osteoarthritis synovial fibroblasts (OASFs), WISP-1 promoted the expression of vascular cell adhesion molecule-1 (VCAM-1) to increase the adhesion of monocytesvia the PKC-delta, JNK, c-Jun and AP-1 signaling pathways (49) . In cultured rat vascular smooth muscle cells (VSMCs), WISP-1 mediated the adhesion of VSMCs, which could be reversed by an antibody against integrin. Moreover, WISP-1 was also found to stimulate the migration of VSMCs via integrin (50).
Conclusions
WISP-1 is a member of CCN family of growth factors with appealing roles in multiple tissues and pathologic approaches, including cancer, fibrosis, myocardial hypertrophy and hypertension. WISP-1 generally behaves as an oncogene that is highly expressed in different cancers and correlated with the progression, distant metastasis and poor prognosis of cancer patients; however it was also found to be a tumor suppressor in certain tissue types. WISP-1 can stimulate proliferation, adhesion, invasion, metastasis and epithelial-to-mesenchymal transition of cancer cells. Being one of the β-catenin regulated factors in the Wnt/β-catenin signaling pathway, WISP-1 holds the potential role to act as a novel therapeutic target for cancer therapy.
